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PREFACE

The story of vitamins resembles, in many ways, the story of the Tower
of Babel. What once seemed simple has become confounded; what once
could be mastered by a few is now only partly understood by the many.
The very large number of publications dealing with the many aspects of
vitamin research confronts the investigator and practitioner like a strange
and newly discovered land, each area with its own special interests.

In this book the editors have attempted to provide, as it were, a guide
service to these new and complicated areas. Just as guides are chosen for
their special knowledge of each specific region, so each contributor to this
work has been chosen for his competence in a specific field. For this reason
no contributor has discussed one vitamin entirely, and some have discussed
the same aspect of knowledge regarding several vitamins. This method will
force the reader to change guides as he progresses through each chapter,
but it will assure a higher level of competence than if one guide were to
attempt to summarize critically and to present adequately the current
knowlege concerning the chemistry, industrial production, physiology, bio-
chemistry, estimation, occurrence, deficiency effects, pharmacology, and
requirements of each vitamin. Since this is essentially a reference work,
some repetition of information in the various sections of each chapter is un-
avoidable and even desirable.

Neither the clinical manifestations of vitamin deficiencies nor their treat-
ments have been presented in detail, since they are adequately covered in
other publications. For the same reason, the methods of vitamin assay are
discussed but briefly.

Special emphasis has been given to the chemistry and physiology of the
vitamins. This compelled the omission of historical material, except where
it bears importantly on current knowledge. An extensive bibliography has
been included so that the student can readily consult original material.

The vitamins are presented alphabetically because there is no biological
reason why they should be arranged otherwise.

The editors want to express their appreciation to the authors for their
seientific devotion and to the publisher for his unending patience. They
will feel repaid for their labors if this work contributes to a better under-
standing of the role of vitamins and stimulates further research, for it has
been said truly:

Wisdom is the principal thing; therefore get wisdom; and with
all thy getting get understanding.—(Proverbs IV.7)

W. H. SesreLL, JR.
RoserT S. HARRIS
vii



THE VITAMINS, VOLUME I
AppeNpA AND ErRraTA
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I. NOMENCLATURE AND FORMULAS
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I. Nomenclature and Formulas
ROBERT 8. HARRIS
Accepted names: Vitamin A
Neovitamin A
Axerophthol (vitamin A;)
Carotene
Obsolete names: Fat-soluble A
Biosterol
Ophthalamin
Anti-infective vitamin
Empirical formulas: Vitamin A: CyHjz0
B-Carotene: CmHu
Chemical name: 3,7-Dimethyl-9-(2,6,6-trimethyl-2-cyclohexen-1-yl)-
2,4,6,8-nonatetraen-1-ol
Structures:
H,;C CH; CH, CH,
H, i CH=CH—C=CH—CH=CH—C=CH—CH:0H
Hzk/\
H, CH;
Vitamin A
CB, Skl CH;, CH,
I
H, —CH=CH—C=CH—CH=CH—C=CH—
H.
H, CH,
CH, H,
|
—CH=CH—CH= C—CH=CH—~CH——C—CH—CH l: o Ho
HiOR o /He
H.

B-Carotene



4 VITAMINS A AND CAROTENES

II. Chemistry and Industrial Preparation
NICHOLAS A. MILAS

The chemistry of vitamin A and that of the closely related carotenoid
pigments which act as precursors of this vitamin has been the subject of
numerous investigations during the past three decades. Much information
of lasting value has accumulated, and an attempt will be made to summarize
it in the following sections.

A. THE ANTIXEROPHTHALMIC PROVITAMINS

1. INTRODUCTION

The provitamins A are carotenoid pigments! which are converted to
vitamin A in vivo, usually in the intestinal tract of animals? * by some as
yet unknown mechanism, or in »itro by careful oxidative degradation.*”
Chemically, provitamin A carotenoids belong to a class of organic com-
pounds known as polyenes which are built up of isoprene units, the most
common of which contain eight such units or forty carbon atoms. Caroten-
oids are, as a rule, hydrocarbons, but some are found to contain hydroxyl,
carbonyl, and oxirane or epoxide groups.

There are some well-known characteristics common to all provitamin
A carotenoids: (1) all are erystalline solid pigments; (2) in all of them one
finds the arrangement of isoprene units reversed in the center of the mole-
cule so that the methyl groups occupy the 1,6 instead of the 1,5 position,
and it is this arrangement which makes it possible for the cleavage to oc-
cur in the center, thereby producing vitamin A; (3) all contain a large
number of carbon-carbon double bonds, most of which are conjugated and
are thereby responsible for the production of color and the characteristic
absorption spectra of these molecules; (4) all contain at least one trimethyl-
eyclohexenyl or g-ionone ring, usually in conjugation with the open carbon
chain double bonds; (5) although it is now well known that all naturally
occurring provitamin A carotenoids have the all-trans configuration, they

1 P. Karrer and E. Jucker, Carotenoids (trans. and revised by E. A, Braude). El-
sevier Publishing Co., New York, 1950,

2 (a) E. L. Sexton, J. W. Mehl, and H. J. Deuel, Jr., J. Nutrition 31, 299 (1946);
(b) F. H. Mattson, J. W. Mehl, and H. J. Deuel, Jr., Arch. Biochem. 15, 65 (1947);
(¢) C. . Wiese, J. W. Mehl, and H. J. Deuel, Jr., ibid., 15, 75 (1947); A. L. S.

. Cheng and H. J. Deuel, Jr., J. Nutrition 41, 619 (1950).

3 8. Y. Thompson, J. Ganguly, and S. K. Kon, Brit. J. Nutrition 3, 50 (1949).

1 R. F. Hunter and N. I2. Williams, J. Chem. Soc. 1945, 554.

5 (3. C. L. Goss and W. D. McFarlane, Science 106, 375 (1947).

6 N. L. Wendler, C. Rosenblum, and M. Tishler, J. Am. Chem. Soc. 72, 234 (1950).

7 P. Meunier, J. Jouanneteau, and G. Zwingelstein, Compt. rend. 231, 1170 (1950).



II. CHEMISTRY AND INDUSTRIAL PREPARATION 5

are capable of existing in more than one stereochemical form. Changes of
this type bring about changes not only in adsorption affinity and absorp-
tion spectra but also in biological activity. Table T shows some of the well-
known naturally oceurring provitamin A carotenoids together with their
important sources, physical properties, and relative physiological activity.

2. IsoraTioN oF ProviTamiN A CAROTENOIDS
a. General Procedure

Well-dried and well-ground materials of either plant or animal origin
are extracted in large vessels, percolators, or Soxhlet apparatus by any of
the well-known solvents such as low-boiling saturated hydrocarbons, ben-
zene, ether (peroxide-free), chloroform, trichloroethylene, ethanol, or ace-
tone. Extraction is carried out at room temperature in an atmosphere of
carbon dioxide or nitrogen. The extracts are then concentrated under a
reduced pressure and the concentrates saponified at 60 to 70° with a 5 to
10 9, methanolic potassium or sodium hydroxide. Water is then added,
and the non-saponifiable portion extracted thoroughly with low-boiling
petroleum ether. The petroleum ether extract is then partitioned with an
equal volume of methanol. Carotenoids which go into the methanolic layer
are known as hypophasic and usually contain groups such as hydroxyl,
carbonyl, or oxirane, and those which remain in the hydrocarbon layer are
known as epiphasic and are usually hydrocarbons such as a-, 8-, v-, or 6-
carofenes.

The epiphasic carotenoids have somewhat small differences in molecular
structure and are therefore difficult to purify by the well-known classical
methods. They show, however, strong selective adsorption on various solid
adsorbents such as alumina, Al,O;, calcium hydroxide, Ca(OH),, calcium
carbonate, CaCOjg, and zine carbonate, ZnCO;, and can therefore be sepa-
rated in the pure state by the chromatographic adsorption method first
introduced by Tswett.® (See also general references on chromatography.!: ?)

8 M. Tswett, Ber. deut. botan. Ges. 24, 316, 384 (1906); Chromophylls in Plant and

Animal World. Warsaw, 1910,

¢ General references on chromatography:
(a) L. Zechmeister and L. Cholnoky, Chromatographie Adsorption (trans. from

the 2nd ed. by A. L. Bacharach and F. A. Robinson). John Wiley and Sons, New
York, 1041.

(b) H. H. Strain, Chromatographic Adsorption Analysis. Interscience Publishers,
New York, 1942,

(¢) T. I. Williams, Chromatographie Analysis. Blackie and Son, London, 1947.
(d) E. Lederer, Chromatographic Analysis. Hermann, Paris, 1949.

(e) L. Zechmeister, Progress in Chromatography 1938-1947. Chapman and Hall,
London, 1950.

(f) H. G. Cassidy, Chromatographic Analysis. Interscience Publishers, New York,
1951.



